24 Certain perceptual measures have been proposed as indirect assays of brain neurochemical status in 25 people with migraine. One such measure is binocular rivalry, however, previous studies have not 26 measured rivalry characteristics and brain neurochemistry together in people with migraine. This 27 study compared spectroscopy-measured levels of GABA and Glx (glutamine and glutamate complex) 28 in visual cortex between 16 people with migraine and 16 non-headache controls, and assessed 29 whether the concentration of these neurochemicals explains, at least partially, inter-individual 30 variability in binocular rivalry perceptual measures. Mean Glx level was significantly reduced in 31 migraineurs relative to controls, whereas mean occipital GABA levels were similar between groups.
68
If perceptual measures can indeed provide reasonable correlates of brain neurochemical status, 69 then it is possible that visual or auditory tests might be useful for monitoring of brain status in 70 migraine, or perhaps even to predict migraine events (23). Perceptual testing is easy to perform, 71 inexpensive, quick, and could potentially be undertaken on a daily basis throughout the migraine 72 cycle in order to understand individual patterns of brain status. However, for perceptual rivalry to be 73 useful as an indirect measure of the inhibitory-excitatory balance in migraine, a better understanding 74 of the underlying neurochemical influences is required. It is overly simplistic to suggest that GABA 75 is the only neurochemical governing perceptual binocular rivalry. Indeed binocular rivalry percept 76 duration is also influenced by modulating the serotonergic pathways (34, 35). Given that both the 77 GABA-ergic and Glutaminergic pathways, in addition to the serotonergic pathways have been 78 previously implicated in migraine pathophysiology, it is not readily predictable whether perceptual 79 rivalry switch rate should relate to GABA concentration in people with migraine. (Table 1) .
106 Individual migraine severity was graded based on the Migraine Disability Assessment (MIDAS). 128 and single voxel spectroscopy data (TR = 1500ms; TE = 68ms; voxel size = 30x25x20mm 3 ). The 129 visual cortex voxel was individually adjusted to be centred midline on either side of the calcarine 130 sulcus and with 6mm anterior to the dura. This voxel placement was chosen to be consistent with 131 previous work that has identified a relationship between occipital cortical GABA and binocular 132 rivalry percept duration (33). Voxels were carefully positioned to avoid major blood vessels, 133 meninges and ventricles. A prototype GABA-specific sequence of Point Resolved Spectroscopy 134 (PRESS) with a previously described MEGA suppression scheme was used to acquire the 1 H J-135 difference spectra (192 transients, each consists of two TRs; total scan time = 9 minutes) (36). A 136 frequency selective inversion pulse of 1.9ppm was applied to the 4 CH 2 resonance of GABA during 137 the odd transients (EDIT ON) while a pulse of 7.46 ppm was applied during the even transients 8
(EDIT OFF). GABA concentration (institutional units (iu)) was quantified as the difference between
139 the EDIT ON and EDIT OFF spectra. Given that the edited GABA signal is contaminated by co-140 edited macromolecules, GABA values are referred to as GABA+ in the rest of the paper. The 141 unsuppressed water signal (8 averages) was acquired from the same voxel. GABA fit errors were 142 used to assess the quality of spectra. All of the spectra had a GABA fit error < 10% (see Fig 1a for 
160
, and were taken from GannetQuantify routine from Gannet toolbox (Fig 1c) . The scan , 2 , 2 ∝ 9 161 sequence was optimised for the study of GABA but we were also able to obtain an estimate of the 162 excitatory glutamate neurotransmitter in the form of a glutamate-glutamine complex (edited-Glx).
163 Edited-Glx was estimated using the Gannet software and normalised to water (Edited-Glx/water is 164 expressed as institutional units (iu)) (Fig 1b) . The normalised value was further corrected for voxel 165 CSF-fraction volume differences using the following equation:
is CSF-fraction-corrected edited-Glx/water, is the raw edited-Glx/water value in 168 arbitrary units, and is the voxel's CSF fraction. 179 Participants viewed the stimuli binocularly through a mirror stereoscope at a viewing distance of 180 53cm such that the right eye viewed a red grating oriented at 45° whereas the left eye viewed a green 181 grating oriented at 135°. Perceptually, this stimulus will regularly switch from being perceived as a 182 red grating to a green grating every few seconds. All participants were given a practice run and then 183 performed four runs each of 90 seconds duration in which they indicated their percept by pressing 300 with a proposed mechanism for downregulated serotonergic function interictally (16, 17). Low 301 serotonin levels are known to predispose several migraine triggers like stress (15) and to contribute 302 to migraine pain via the trigeminovascular nociceptive pathway (43). Integrating these two findings, 303 it is possible that we would measure lower serotoninergic function with slower rivalry switch rates in 304 individuals just before a migraine event. However, in the absence of any formal measurement of 305 occipital serotonin levels and without longitudinal data followed in the same individuals, we can only 306 speculate regarding the relationship between serotonin and rivalry percept in migraine.
307
In summary, our data revealed no difference in GABA levels but reduced excitatory cortical 308 neurotransmitter concentration in the occipital cortex of people with migraine in between their 309 attacks, when compared to individuals without regular headaches. Despite previous reports of a 310 correlation between GABA level and perceptual rivalry switching rates, in our study GABA levels 311 and rivalry percept duration were not correlated, suggesting that GABA levels are not the primary 312 driver of variance in perceptual rivalry in this situation. Our data also demonstrates that the 313 previously reported relationship between rivalry percept duration and GABAergic inhibitory 314 neurotransmitter concentration in visual cortex is not strong enough to enable rivalry percept 315 duration to be assumed to be a surrogate for GABA concentration. Future work may also consider 316 other plausible neuromodulators such as serotonin. Given the possible importance of duration pre-317 post migraine on perceptual measures and neurochemical status, significant insight might be gained 318 from testing people with migraine at multiple timepoints within their migraine cycle. 
